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MR No. L5DO7

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

T MEMORANDUM REPORT . . .. . .
DITCHING TESTS WITH.A 1/16-3IZE DYNAMIC MODEL OF"I"EEI :
ARMY B-2l, ATRPLANE IN LANGLEY TANK NO. 2 h '
AND ON AN OUTDOOR CATAPULT
By Lloyd J. Fisher and Margarét F. Steiner

SUMMARY

Tests ware conducted to determine the best way to
ditech the Army B-2l airplsne in calm snd rough water arnd
to détermine 1ts probable dlitching performence. A dynaml-
cally similar model of the B-2l alrplene wes ditched in
calm water in tank no. 2 end in calm and rough water from
an outdoor catepult. Its behavlor was ascertained by
making vlisusl observstions, by recording meximum deceler-
ations, and by tekling motlon-plecture records of the
lendings,

Concluslons besed on the tests are thet a water
laniding with a B-2ly airplsne should be made at -as low a
verticel end horizontsel veloclty as possible. A medium’
(Lo or 50) -attitude ditching with flaps down appesrs to
be slightly prefergble, snd 1f possible, the sirplane
.should be ditched pergllel to the waves. Deceleratlcns
of sbout g are to be expected. A hydroflédp wees found fo

) be a very efféactive ditching aid for preventing dives.

. Generally speaking, the tests Indicate that the
‘B=2l} 'alrpléne with the extensive damage to the bottom
thet will probably occur in a ditching is en unsafe alr<
plane. ' The model settled into the wster up té the wings
very soon‘ after impsct. There was a tenderncy to dive in
certaln conditlons of seaway when deamage caused a Hnosing-
1n" moment.
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INTRODUCTION

Object cf tests.~ The Army Alr Forces, Air Technical
Service Commend, on March 26, 1943, requested that an
Investigation be mede with scale dynamic models to determine
the best way to land the Army B-2l airplane in calm and
rough water and to determlne its probable ditching behavior.

Place of tests.~ The tests were made at Langley tank
no. 2 and at en outdoor catapult.

Full-scale experience.~ Reports from AAF and RAF
pilots indicate that the ditchings of the B-2} are very
severe. There is a great loss of 1life in dltchings of
this alrplane. In & number of instances the airplanes
have broken into two or three parta when ditched. Because
of a general collapse of the bottom of the fuselage, there
is always a great inrush of water and the alrplene sinks
almost immedietely to wing level.

PROCEDURE
Description of Model

A three-view drawing of the Army B-2l; airplane 1is
shown in figure 1. Two 1/16-size dynamically similar
models of thls alrplane were used in the tests. The
profile of each model was the same except for the tip
of the nose. One was a model of the B-24iD airplane and
i1s shown in figure 2. The other was a model of the B-2LJ
airplane and is shown in figure 3. A description of the
type of construction of the models 1s given 1in reference 1.

The tests indicate that the ditching characteristics
.for the two models are simllar. Therefore, for clarity
in presenting the data, the test conditions and the test
results are glven without distingulshing one model from
the other,

The B-2D model was constructed so that an extended
landing gear could be installed as shown in figure 2.
The extended gear was designed to fall at scale strength.
The nose wheel was attached to a strut made of lead that
falled in bending when a maximum aft load of 3300 pounds
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(full scsle) was aepplied at the axle of the wheel. The

. main ‘gesr was designed to fell when a maximum aft loed

of 31,000 pounds (full scale) was applied at the axle of
easch wheel, The fallure load of the maln struts was set
by adjusting the amount of. friction in a ball and socket
Joint at the top of each wheel strut (fig. L).

The B-2l4J model was constructed so that en extra
section of fuselgge, 7 feet long, full scale, could be
added between the wing and the pllot's cockpit (fig. 5).°
The long fuselgge was essentlially simllar to that used
on the Navy PER4Y-2 airplane. :

. Test Methods end Equlpment

The epparatus and test procedure used are described
in reference 1.

Test Conditions
(All values given refer to the full-scsls éirplane.)

Gross welght.~- The model was tested at gross welghts
from 13,000 pounds to 56,500 pounds.

Location of center of gravity.- The horizontal
locatTon of the center of gravIty was 29.5 percent of the
meen merodynemlc chord except for a few tests which-were
made wlth the center of gravity at 2l percent end 32 per-
cent of the mean serodynemic chord. The vertlical location
was 7.8l inches below the thrust line of the inboard
nacelles., .

Attitude of the thruat line at contact.- The attitudes
of the thrust llne st contact with the water were 9°, 7.5°9,

Flap ssetting.- Tests were made with flaps up esnd with
flaps down 40O, ) .

Landing speed.~ The speeds used for all conditions

" were computed from. informatlon obtained from the

Consolidated Vultee Alrecraft Corporation.

.The airspeeds used at the outdoor catépult were scale
alrspeeds for a flaps-down landing made with no power.
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The winds were frequently gusty so that some of the runs
were made with indiceted ailrspeeds inedvertently higher
or lower than the scale speeds. A few of those runs in
which the model stayed in trim and appeared to make a
normal lending with no excess vertical veloclty are
presented,

The speeds used In tenk no. 2 covered a range of
ground speeds for each attltude -tested. These speeds
bracketed the scele alrspeeds and, therefore, the model
. was not necessarily asirborne at vach test speed. This
was done to Investigate eny hydrodynamic varistion with
ground speed thet might exist.

. Simulated damage.- The possible demage sustained by
the full=scale alrplane in ‘a ditching waes simulated by
removing the corresponding parts from the model. In e
few tests mede on the outdoor catapult, the openings cut
in the model were covered with thin paper. This thin
paper simulated a wesk door or window but was not to
soale strength. The conditions of simulated damags that
were tested are described by listing the parts of the
model that were removed (cut out) and are as follows:

(a) No demage. Figure 3,

(b) Nose window, nose~whesl doors, bomb-bay
doors, belly turret, end bottom rear entrance door
removed. Flgure 6.

(1) No bulkhead just aft of bomb bays.

(2) Partiel bulkhesd Just aft of bomb bays. °
' Figure 7.

(c) Bomb-bey doors removed.
(1) No bulkhead Jjust aft of bomb bays.
(2) Partial bulkhead just aft of bomb bays.
(3) Solid bulkhead just aft of bomb bays.

(d) Nose window, nose-wheel doors, belly turret,
end bottom rear entrance door removed.
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(e) Nose window end nose-wheel doors covered °
wlth pepser, bomb-bay doors psrtlelly closed, solild

~-== -~ bulkheed -just aft of bomb bays. - -

(f) Nose window and nose-wheel doors covered
with paper, bomb-bay doors removed, solid bulkhead
Just aft of bomb bays.

Ditching slids.- During pert of the tests, several
devices were edded to the model to improve 1ts ditchlng
characteristics. Various sizes, shapes, and angles of
Incidence were tested for each of these ditching alds.

The type of ditchling alds that were testad are ms follows:

(2) Hydroflap attached nesr the nose-wheel doors
to hold the nose out of the water. Filgure 8.

(b) Hydrospoiler sttached near the nose-wheel
doors to destroy &sny suction under the nose. Flg-
ure 9,

(c) Devices atteched near the tail to hold the
tsll in the water (wster scoop and hydrofoil).
Filgures 10 and 11.

Fuselage length.- A few tests were maede with a section
(7 feet Iong, Tull scale) edded to the fuselage between
the wing end the pllot's cockpit. The long fuselsge
(fig. 5) enproximeted thst used on the Navy PBLY-2 airplane.

Landing gesr.- The maejorlty of the tests were made
wlth the wheels retracted but a fow tests wers made wlth
the wheels extended.

Sesway.-
(g) Celm water.

) (b) Wave crest parallel to the flight peth,
helght 2 to 7 feet, ]

(¢c) Wave crests perpendicular to ‘the flight ;l'
path, helight 2 to T feet. L
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PRESENTATION OF RESULTS

Lending speeds for the B-2l} airplane are shown in
table I,

Data from tenk tests with the model in different
conditions of demage and covering a renge of ground speeds
for varlous landing condltlons ere presented in table II.

Those date from tenk tests wlth the model operated
at scale glrspeeds for power-off, .flaps-down lendings are
offered in taeble ITI.

Ditching performance of the model in open seaway at
the outdoor catapult 1s summarized 1n table IV.

Photographic sequences of typlical ditchings of the
model are presented in figures 12 through 17.

Time~hlstory records of longltudinal deceleration
ere shown in figures 1§ end 19.

The results presented In this report sgree closely
wlth those revworted for tests made with models of the
B-2l, sirplane at the Royal Alrcraft Establishment,
Farnborough, England. The RAE tests were also made on
both calm end rough wster. (3See references 2 and 3.)

DISCUSSION

Because of the very weak bomb-bay doors (safe load
of less than 178 pounds per square foot) and general
weakness of the bottom of the fuselage, 1t 1s llkely
that the airplane wlll be completely flooded immediately
after 1t contacts the water. If the bomb-bay doors
fail completely, a dive probably will result. A "dive"
is interpreted to mean any performance in which the nose
of the airplane 1s forced to enter the water while the
airplane is traveling.at appreciable speed. Moat of the
airplane may be under water in a near level attitude
or in extreme cases the attitude may be appreciably
negative to the horigontal. In this event the fuselage
will be flooded and also high decelerations possibly will
result. The model tests Indicated that these ditching
characteristics could be improved by the use of ditching

alds,
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. Bffect of attitude end spesd.- In smooth-water taunk
tests, hign-attItude ditchIngs of the model witn the bomb-
bay doona removed generally resulted in diving. Low-
attitude dltchings of .the model usually resulted 1n skippling
or porpolsing although occasional dives occurred.

Changes 1n ground speed dld not greatly affect the
hydrodynamic behavior of the model.

The highest maximum longitudinal decelerations of
about 5g were recorded at'the 9° attitude and the lowest
of sbout 2g were recorded at the 5° and 1° attitudes.

In general, the decelerstions end the diving tendencles
- in smooth water tended to decrease with decrepssing attl-
tudes., However, 1t 1s doubtful thet any advantage would

be gained by a very low-ettltude ditching because of the
probabllity of incressed. damage due to greater dynamic
pressures st the higher speeds of the low=-attitude ditching.

Effect of flap setting.- The flaps hed no appreclable
effect on theliydredynamlce performaence of the modesl. There-
fore a ditching should be made with flaps down iIn order
to take advantage of the lower horizontsel velocity thus
afforded.,

Bffect of verticel velocity.— The performence of the
model wes Impelred wlith an lncrease in the vertical
veloclity. See table II, parte E and F.

Bffect of locaetion of center of grevity.- When the
center ol gravity was located elther at. 2L or 32 percent
meen aerodynsmlc chord the performence was essentielly the
same as Iin part G of table II and so 18 not listed sepa-
rately. .

affect of simulasted damage.- When the model was
ditched with no dsmege slmulated, 1t made smooth runs or
sklpped or porpoised with meximum deceleratlions usually

1 : .
between lg end 35g. However, it 1s not likely that the

ailrplane will be strengthened enough to prevent extenslve
demage of the bottom of the fuselege 1In e ditching. When
ditchings were made with damage simulsted, the model
usuelly settled into the water up to the wings very soon
after lmpsact.
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In the tests when the bomb-bay doors were removed
the iInrushing water apperently produced a nosing=-in
moment which frequently caused a dive. Maximum deceler-
ation of 3g to 5g resulted. Thls was especlally true
in the high-~attltude landings.

When other doors In addition to the bomb-bay doors
were removed, there was not a substantial change in the
ditching performence of the model. In the tests where
the nose wlndow and the nose-wheel doors were covered
with thin paper, the peper always falled on contact with
the water,

In tests made with the bomb-bay doors partially
closed the nosing-in moment was reduced and the ditching
performence appesered to be bettsr than with the doors
removed, Howéver, the performance was not as good as
with the doors completsly closed.

Effect of ditching alds.- Selected results from each
type of ditchlng ald tested ere given 1In table II. A
trepezoldal hydroflap attached at the after edge of the
nose~wheel door wsess more effective in preventing diving
than the other ty»es of alds tested. It 1s also belleved
to be the ald most eassily avvlicable to the full-scale
girplane., Varlous other trapezoldal, rectengular, and
square hydroflsps were tested, but the one shown in fig-
ure 8 gave the smoothest runs.

Hydrospollers (fig. 9) also prevented diving but
the behavior of the model was not as smooth as when a
hydroflap was used.

Water scoops and hydrofoils (figs. 10 and 11) were
attached near the tall in en effort to hold the tall:in
the water, The performance with these devices was
Inconsistent. On some runs they prevented dlving but on
other runs st simllar conditions very violent dives
occurred. The smallest hydrofoll that alweys prevented
diving in the model tests 1s shown in figure 11l(v). However,
it 1s belleved thst the size of this hydrofoll and the
structure necessary to support 1t are so greet that it
would be imprascticael to install on the B-2li alrplane.

Effect of fuselage length.- Increésing the length of
the fuselage g mproved the ditchlng characterlistics
somewhat but did not entirely eliminsete diving (table II).
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Bffect of landing geer.- The model dived during
.almost every dltching made with nose wheel main wheels,
or all three wheééls dowi '(table II).s

offect of load.-~ There was no pronounced chenge in
hydrodynamnic nerformence between ditchings at heavy end
1light losd conditions.

Effect of seaway.- A wlde range of wave helghts was
encountered In ths rough-water tests. When dltched
directly across the waves, the model frequently dived
deeply into en oncoming weve. The dltchings were lmproved
when the contact with the wster waes maede jJjust after the
crest of the wave had passed. A few runs were made Into
a heed wind of 30 to 50 miles per hour (full scale). In
these lendings ths airplane nosed iInto a wave 1n a few
cases but the ground speed was reduced enough so that the
impect appeared to be "soft." Landings mede In the trough
of the wave and pserallsl to the wave crest were goenerally
batter then those made across the waves.

CONCLUSIONS

The following conclusions are bssed on model tests:

l. The alrplane should be ditched in a medium (L°
or 5°) attitude with flaps down.

2. The ditching should be made with es low a vertlcal
end horizontal veloclty as possible.

%« The alrplane should be ditched pérgllel to the
waves 1f fesslble, but 1f a ditching is made into the
wind end across the waves, sn attempt siaould be made to
contect just after the crest of the wave hed passed. .

i« Crew members should brace themselves in a ditching
to withstand longltudlnal decelerations of 5g and should
prepere to immediately abandon the alrplane which will
quickly be flooded with water. -
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5. Certaln ditching aids will Ilmprove the ditching
performance of the alrplane. A hydroflap was the most
effectlve of all the ditching alds tested 1n preventing
dives.

Langley Memorlal Aeronsutical Laboratory
Netional Advisory Committee for Aeronsautics
Lengley Fleld, Va.
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TABLE I - LANDING SPEEDS

Flaps down, power off

(1b) thr?ggs%ine (mph)
43,000 9 86
48, 500 9 92
56,500 9 99
43,000 5 97
48,500 5 101
56,500 5 109
43,000 1 115
48,500 1 123
56,500 1. 133

Note: These speeds were determined from data
obtained from Consolidated Vultee Aircraft Corp.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABLE II - DITCHING PERFORMANCE OF A 1/16-SIZE NODEL OF AN ARMY B-24 ATRPLANE LAKDED ON CALM WATER IN LANGLEY TANK NO. 2
I:All values are full-scale except where qualified; gross weight, 48,500 to 56,500 poundl_:] :

Attitude of thrust line at contact 9° 5° 1°
Groundspesd (mph) 80 100 110 120 100 120 120
L] LI ) ] . e L) LN ] L] . L] * o . * » .
Structural condition of m Ses Note g 1 ] g 3 g FH g o g in o g M [ .E_
& .I.&.-.I.ra-.li.ﬁ. F.lmi.:.l .m_i.a.&.i
3.015 3.316 1.214(s
2,74 3.016 |
No damage simulated, L ALY N3k oY 4
4 3.7(4 1.2]8 |p 3.517]s
9ip 1.4[9 |p 1.4{10]s
8 ip 9
N 1l fd [4.¥ d w.0f4 T.Bl U|s
Bomb=bay deors removed, KXo bulkhead aft of bamb bays. 1l 4.4|2 |a 3.014 | . 2,1 8|s
R 1 4,011 ja 3.114
omb-bay doors removed, S0 ead Just art o T [d[5.3[T & S2|S |d
bomd bays. 2 {4 |5.0]1 {a
. i i d 1551 |d T [d S |d 5.2 5|d
omb-bay doors removed. Partial bulkhead just aft of 144 (5.01 }a 3|e s |p 5
P ot Nave. ’ . 4.8[1 ]a I7 lp 2.87
2 21]a 6 |p 3|a
- 21a 2la
"Rose window, noseé-wheel doors, bom Yy doors, q 4 L4 L[S |0 [P 200 98 |
turret, bottom rear entrance door removed. ¥o B B.9l2 3.014 2.316 |p 1.9 9ls
bulkhend aft of bomb bays. -8
- Ez TICIIT]d L) IR 1L
from 4 in. above the water instead or 1 in. above & 711 14 {3.8]3 2.6(4 1.5] &5t
80 a8 to increase the vertical veloclity. ,ﬂ : 1.2 4]t
Nose window, nose-wheel doors, bomb-bay doors, belly * g g ; g ; g g s
turret, bottom rear entrunce door ramoved. Partial 2la 2la < ba 11 s
bulkhead fust aft of bomb bays. s 'dp
E.l ' .05 v SRrAm:ar]
Nose window, nose-wheel noors, beily turret hole, 0]8 1.514 2.2| 7]
bottom rear entrance door removed, : 1,08 4
71p 9lp
-3 S |d I5(s
7=foot section of fuselage added between wing and 2 7 14 |»
pllot's cockpit. Demage as in part "D" above. %
Il::"mc Maximam deceleration in multiples of the accelerati f gravity NATIONAL ADVISORY
. . - a on o a »
Run = Length of run in multiples of the length of the airplane. COMMITTEE FOR AERONAUTICS

Rmk. - Remarks (see Symbols).

Symbolss
d - dIved.

p - porpoised (oscillated in trim).
8 - skipped (left the water).
t - turned sharply.

*ON UMW
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TABLE II - CONCLUDED.

Ell values are full-scale except where gqualifled; gross weight, 48,500 to 56,500 poundl]

Attitude of thrust line at contact 9° 7-1/2° 6° °
Groundspeed (mph) 100 | 110 | 100 | 110 100 110 } 110 | 120
. el : : : MERN N
t del
Structural condition of mode ee Note 2 3 E | 2 3 2 a 2 E 2 g E E 2 |
“—7<Toot sectlon ol Tuselagé added between wing and 13| 3|d X s
) 4 pilot's cockpit. Damage as in part "G". 10)p 11 |s
] 6lp
o |p { 6]p 4fp[oSlp {6 ip ]| 7ip
L Trapezoldal hydroflap attached at after edge of nose- S5 Ip | 6]sp bip I Slp |6 tp
wheel doors. Ses fig. 8. Damage aa in part "g". 6 ip | 6lp
6 {sp
= [Trapezoldal hydrolflap attached at alter edge of nose- T1p | 8lsp
o wheel doors. See fig. §., Damage as in part "A". ‘ 7 |p 10 jsp
¥ | I*langular Rydrospoller attached at after caée of nose- FREIE
wheel doors. See fig. 9., Damage as in part "G". 4lp
_ T3 I e
P Water scoop attached over opened rear entrance door. ° 3 |da | 4]p S |a}9|sp
See fig. {0, Damage as in part "D". ) 2 |a |2]a
2]a
E o |p [ Jftd]o [p [€ |d o |d
R Hydrofoll attached under tail, See fig. ll{a), Damage o |5 |p | 3jtal4|a |3 ]a 6 ip
as in part "D", | © |3la|2jals{p(2]|a 6 ip
] 4id
S %] st
g |pamage as in part “p®. 3 wheels down. g 2 |d 3| sd
1ia S{ sd
41 t
21 td
T |[Damage as in part “D". MNain wheels down only. 2] ta
2] ad
sd 6| sd
U [pamage as in part "D®, Nose wheels down only. E sd 6| st
: ' 3d 6 { sd
t < | 8Qd
Vv [panage as in part “A". 3 wheels down. e 2]
[}
Kote: i ) Y
WAX, Dec. - Maximum deceleration in multiples of the acoeleration of gravity. NATIONAL ADV'SO?IHCS
Run ~ Length of run in multiples of the length of the airplane. COMMITTEE FOR AERONA
Rmk. ~ Remarks (sse Symbols)

Symbols:

q = dived.

p - porpoised (oscillated in trim).
s = skipped (left the water).

t - turned sharply.

*ON K

40dS17



TABLE III - DITCHING PERFORMANCE OF A 1/16-SIZE MODEL OF AN ARMY B-24 AIRPLANE
LANDED AT SCALE AIRSPEEDS ON CALM WATER IN LANGLEY TANK NO, 2

Flaps down 40°.

[E?l values are full-scal

]

Attitude [Computed]Test MaxTmum - .
Structural condition of model [thrust line|airspeed|speed|deceleration| Performance in water.
' (deg) (mph) |(mph){  (g) :
9 92 92 Smooth run.
No damage simulated.
1 122 120 (1.4 - 3.5 Trimmed up, skipped.
9 92 90 4.0 Dived.
5 103 100 2.7 Smooth run. Ran low
Bomb~bay doors removed. No in water.
bulkhead aft of bomb bays.
1 122 120 1.8 Skipped.
2.1 Smooth run.
) 9c 90 [5.8 - 4,0 ended to dive, or dived.
3.0 - 2,9 Trimmed up, smooth run.
Nose window, nose-wheel doors, 3.7 Smocth run.
bomb-bay doors, belly turret,
bottom rear entrance door ) 103 100 2.3 Porpoised,
removed. Partial bulkhead 1.7 Smooth run,
Just aft of bomb bays.
1 122 120 3.3 Dived.
1.0 - 4.0 Porpoised.
Nose window, nose-wheel doors, LJ 92 90 S.6 Stopped quickly.
bomb-bay doors, belly turret, 2.1 Nose and nacelles dug in.
bottom rear entrance door
removed. Solid bulkhead just S 103 100 4.0 Stopped quickiy.
aft of bomb bays. 3.7 Nose and nacelles dug:-in.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV - DITCHING PERFORMANCE OF A 1/16-SIZE MODEL OF AN ARMY B-2li AIRPLANE
LANDED IN VARIOUS CONDITIONS OF SEAWAY AT AN OUTDOOR GATAPULT

Smooth Water

o
Flaps down, 4O NATIONAL ADVISORY
All velues sre full scale COMMITTEE FOR AERONAUTICS
Attitude Scaled | Measured | Ground|Condition
thrust line {alrspeeds| airspeeds| speeds of Performsnce in water
(deg) {mph) (mph) {mph) dsmage
9 92 91 79 A Nacelles dug 1n, then model porpoised slightly,
and dived slightly et end of short run.
9 92 97 120 A Settled in quickly with nose burying end
causing short run,
9 86 38 88 B Shallow dive.
9 86 88 88 B Porpoised slightly, nacelles and nose dug in
at end of run.
9 92 92 «C Trimmed up, nose clesar until late in run.
9 90 92 D Trimmed up, nacelles and nose dug in late in
run.
5 102 100 88 A Smooth run, nose clear during most of runm.
5 105 105 93 A Porpoised slightly, fuselege low in water up
L to wings.,
5 103 105 93 A ing low, streightened on contact, fuselage
run low in water,
5 98 10 105 B Pitched up amd down, nose dug in at end of run.
5 98 10 80 B Shallow diye.
5 105 - 106 C Trimmed up, nose clear until late in run.
5 9 100 D Trimmed up, smooth run until nose and nacelles
dug in.
1l 122 122 122 A Most of nose clear until nsacelles dug in
slightly at end of run.
1l 115 120 120 B Porpoised with fuselage low in water,
1l 120 124 134 B Pltched up and down untll nose dug in slightly
at end of run.
1 120 2L 134 B Pitched up and down until nose dug in slightly
at end of run, :
1l 122 120 c Pitched up and down or skipped, nose clear.
1 122 125 D Trimmed up then porpoised.
A - Nose window, nose-wheel doors, bomb-bsy doors, belly turret, rear entrance hatch removed,
pertial bulkheed just aft of bomb bays.
B - Nose window end nose-wheel doors covered with thin paper, bomb-bay doors removed, solid
bulkheed Jjust aft of bomb bays.
C - Complete model, simulating no damage to full-scale slrplane.
D - Nose window and nose-wheel doors covered with thin paper, bomb-bay doors partially closed,

s0lid bulkhead just aft of bomb bays.

‘ON dKW

400ds1



TABLE IV - Continued.

Ditchings Along Waves, Across Wind

Flaps down, 40O° ]
NATIONAL ADVISORY
];411 values ere full scele COMMITTEE FOR AERONAUTICS
Wave Attitude Scesled |Measured |Ground|Condition
height| thrust line| alrspeeds| airspeeds| speeds of Performance in water
(rt) (deg) (mph) (mph) (mph)| damage

2 9 92 92 92 B Nacelles dug iIn deeply in rough water, tended
to dive.

I 9 92 92 92 B Nacelles dug in deeply in rough water, tended
to dive.

2 9 96 102 102 A Tended to dive, high spray raised.

5 9 86 96 96 B Porpolsed with nacelles digging in at end of
run.

6 9 86 38 0 B Dived through wave.

L 9 86 92 2 B Tended to dive as nose and nacelles buried in
water.

5 9 ol 97 D Trimmed up then rotated forward and tended to
dive.

6 5 103 105 90 B Shallow dive into quartering waves,

3 5 107 105 100 A ose end nacelles dug in deeply in waves.

E 5 107 107 107 B mooth run.,

5 97 107 107 3 ived into wave.

L 5 100 102 D Pitched up and down, nose dug in deeply at
end of fairly long run.

6 1l 115 120 110 B rimmed up, then settled in at end of run.

E 1 115 117 117 B ettled quickly up to wings with little spray.

1 116 118 D rimmed up until laste in run when it settled

in.

A - Nose window, nose-wheel doors, bomb-bay doors, belly turret, rear entrance hatch removed,

partiel bulkhead just aft of bomb bays.

B - Nose window and nose-wheel doors covered with thin paper, bomb-bay doors removed, solld
bulkhead just aft of bomb bays.
D - Nose window and nose-wheel doors covered with thin paper, bomb-bay doors partially closed,
solld bulkhead just aft of bomb bays.
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TABLE IV - Concluded.

Ditchings Across Waves, Into Wind

o .
[;ll vagiggsag:w?algoscalé] NATIONAL ADVISORY
4 COMMITTEE FOR AERONAUTICS
Wave Attitude Scaled | Measured |Ground|Condltio
height| thrust line}airspeeds| airspeeds|speeds of Performance in water
(ft) (deg? (mph) (mph) (mph){ demage
z 9 92 9Z Zg A Wing slightly low. Turned in a dlve.
2 9 92 9 A Rode over waves wlth nose cleer until end
of run.
L 9 82 gg 65 A Dived into a wave.
5 9 6 L B Tall contacted before e crest, nose ploughed
through next wave.
B 9 82 85 55 B Ploughed through a high wave.

9 8 86 D Rode over waves in several runs. In re-
meining runs, the tall was thrown upward
and the model dived into a weve.

2 5 107 10 6 A Rode over waves.

IR 5 107 10 7 A Dived into a wave,

L 5 10 104 76 A Rode over waves.

5 5 9 lo2 92 B Rode over waves. Nacelles dug in at end
of run. _

7 5 100 10k D Porpoised, nose dug in slightly in waves.

L2 1l 125 121 101 A Pitched up and down.

3 1 125 120 3 A Shallow dive.

3 1 125 122 5 A Rode over waves with nacelles raising
slight spray.

8 1 115 120 75 B Rode over waves with nacelles raising
slight spray.

T 1l 117 120 D IRode over waves in most runs.

A - Nose window, nose-wheel doors, bomb-bay doors,
pertial bulkhead just aft of bomb bays.

belly turret, rear entrance hatch removed,

B ~ Nose window snd nose-wheel doors covered with thin psper, bombebasy doors removed, solid
bulkhead just aft of bomb bays.
D - Nose window and nose-wheel doors covered with thin paper, bomb=bay doors partially closed
solid bulkhead Jjust aft of bomb bays.
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Figure 1,- Three-view drawing of the Amy B-24 airplans.
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(a) Front view,

Figure 2.- Photograph of a %-size model of an Army B-24D airplane with scale

strength landing gear in the down position.
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(b) Side view. The nose wheel is notched so that it can fall back partially into
the open wheel compartment.

Figure 2.- Continued.

L0dST "ON YN



(c) Front three-quarter bottom view,

Figure 2.- Concluded.
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(a2) Front view.

Figure 3.- Photograph of a i-lg-size model of an Army B~24] airplane,
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(b) Side view.

Figure 3.-

Continued.

L0dST "ON YN



(c)

NACA
LMAL 38323

Front three-quarter bottom view.

Figure 3.~ Concluded.
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MR No. L5DO0O7

Figure 4.- Photograph of the right main landing wheel on a -1%-size

model ¢of an Army B-24 airplane showing ball and socket joint used
in making scale strength adjustments, )




Figure 5.- Photograph of a %-size model of an Army B-24 airplane showing an extra

section of fuselage (7 feet, full scale) added just forward of the wing.
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Figure 6.- Photograph of a -1%-size model of an Army B-24 airplane showing openings cut

to simulate failure of nose window, nose-wheel doors, bomb-bay doors, belly turret, and
bottom rear entrance hatch.
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Dimensions are full-size
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Figure 7.- Drawing showing partial bulkhead in

fuselage just aft of bomb-bays on a model of
ﬁ an Armmy B-24 airplane.
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Parallel to thrust line [\
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Dimensions are full-size

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure g.- Drawing showing a trapezo idal hydroflap and its
location on a model of an 24 airplane,
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y %}y Dimensions are full-size
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 9.- Drawing showing a tri lar hydrospoiler and its
& 9loca'c.ionn%n a model of an B-hgu airplane,
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Dimensions are full-size

NATIONAL ADVISORY .
COMMITTEE FOR AERONAUTICS

Figure 10~ Drawing showing a water scoop and its location
& 10 on a rrri%del ofngan Army B-24 a?rplane.
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Dimensions are full-size ”
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NATIONAL ADVISORY
(a) 4O0=1inch hydrofoil COMMITTEE FOR AERONAUTICS

Figurell.- Drawing showing a hydrofoil and its location
g on a moggl of aggﬁ.mul;yB—z-b airplane,
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Parallel to thrust line
Bulkhead\ r
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Dimensions are full-size
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(b) 72-inch hydrofoil, NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 11~ Concluded.,
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(a) Undamaged.

Figure' 12.- Photographs at 1-second intervals, full-scale, of a ditching of a -i%-size model

of an Army B-24 airplane, Attitude of thrust line is 9° at contact; flaps down 40°;
speed 100 miles per-hour, full-scale.
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(b) Model with bomb



(c) Model with nose window, nose-wheel doors, bomb-bay doors, belly-turret hole,
and bottom rear entrance hatch removed,

Figure 12.- Concluded,
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Figure 13.,- Photographs at 1-second intervals, full-scale, of a ditching of a —16--size model of

an Army B-24 airplane. Attitude of thrust line is 1° at contact; flaps down 40°; speed 120 miles
per hour, full-scale. Model with bomb-bay doors removed.

LOQST "ON YN



Figure 14.- Photographs at 1-second intervals, full-scale, of a ditching of a %-size model of an
Army B-24 airplane. Attitude of thrust line is 9° at contact; flaps down 40°; speed 100 miles
per hour, full-scale. Model with hydroflap attached near nose-wheel doors. Nose window,
nose-wheel doors, bomb-bay doors, belly turret, and rear entrance hatch removed.
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to the waves. Nose window,

All values are full scale

1

.90 1035 2‘50 4073

Time in seconds

Attitude (thrust line) 9°, airspeed 92 mph, weight 44,000 1b.

'80 1.38 2050 4-38

Time in seconds

Attitude (thrust line) 9°, airspeed 96 mph, weight 48,500 1lb.

W72 .87 1.80 4.72

Time in seconds
Attitude (thrust line) 9°, airspeed 96 mph, weight 48,500 1lb.

Figure 15.~ Photographs of a T%—size model of the Army B-24 airplane ditched parallel

nose-wheel doors, and bomb-bay doors removed.
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0 .80 ' 1.38 2.10 2.50 6.22

Time in seconds

Attitude (thrust line) 1°, airspeed 125 mph.

0 .30 «43 1.05 1.80 4,42

Time in seconds
Attitude (thrust line) 1°, airspeed 125 mph.

‘Figure 16.- Photographs of a fg-size model of the Army B-24 airplare ditched parallel

to waves. Weight, 44;000 pounds. Nose window, nose-wheel doors, and bomb-bay
doors removed.

All values are full scale
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MR No. L5D07

Time in seconds

Attitude (thrust line) 9°, alrspeed 92 mph.

4.56 2.25 1.30

Time in seconds

Attitude (thrust line) 5°, airspeed 108 mph.

Figure 17.- Phaotographs of a f%—siZe model of the Army B-24

airplane ditched across the waves. Weight, 44,000 pounds.
Nose window, nose-~-wheel doors, and bomb-bay doors removed.

All values are full-scale
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